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20 Claims. ((31. 167-74) 
This invention relates to Nadesulfoheparin, its salts and 

its N-acylated derivatives and to a process for preparing 
these compounds. These N-acylated derivatives of N 
desulfoheparin are high in antilipemic activity without 
having a high anticoagulant activity as compared with 
heparin. The ratio of their antilipemic activity to anti 
coagulant activity is 6 or higher as compared with about 
1 for heparin. 

It is known that heparin can be isolated from the lungs 
of mammals. Heparin is a compound having a molecular 
weight of about 25,000 and is characterized from the 
point of view of physiology by its anticoagulant activity. 
At the same time heparin also exhibits an antilipernic ac 
tivity, as shown by the fact that alimentary lipemia in 
humans (turbidity of the blood caused by ingestion of a 
meal rich in lipids) is reduced a few minutes after intra 
venous injection of heparin. It is of therapeutic interest 
to dissociate these two activities of heparin and to en 
hance the antilipemic activity with respect to the anti 
coagulant effects. 
An object of the present invention is the production of 

a physiologically active derivative of heparin having de 
creased anticoagulant activity without corresponding de 
creased antilipemic activity. 
Another object of this invention is the production of 

N-desulfoheparin and its salts, and N~acylated deriva 
tives of N-desulfoheparin and their salts. 
A further object of the invention is the development 

of a process of producing N-desulfoheparin and its salts, 
and N-acylated-derivatives of N-desulfoheparin and their 
salts. ' 

A still further object of our invention is the develop 
ment of a process of purifying heparin by preparing N 
desulfoheparin and converting it to pure heparin with 
chlorosulfuric acid. 

These and further objects of our invention will become 
apparent as this description proceeds. 
We have found that heparin derivatives with enhanced 

antilipemic acivity with respect to the anticoagulant ac 
tivity are achieved by a transformation of the sulfamic 
groups in the heparin molecule. By cleavage, the sulfamic 
group is transformed to the free amine group and N 
desulfoheparin is obtained, which is hereinafter some 
times referred to as “heparamine.” This heparamine has 
been found to be practically free from anticoagulant ac 
tivity but possesses only a weak antilipemic activity. The 
N-acylated derivatives of this heparamine, however, ex~ 
hibit the desired property, in that their antilipemic ac 
tivity is enhanced with respect to their anticoagulant 
activity and, in certain cases, the antilipemic activity is 
almost identical to that of heparin while the anticoagulant 
activity is largely suppressed. 
The FIGURE discloses a comparison of the ultra violet 

absorption spectra of heparin and heparamine. 
The process of our invention therefore consists es 

sentially of effecting a degradation of heparin into hepar 
amine by the transformation of the sulfamic group 
(—NHSO3H) to the free amine group (—NH2) and in 
troducing an acyl radical substituent on the nitrogen atom 
of the free amine group on the heparamine. 
More particularly, our invention relates to the prepara 
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tion of N-acylated derivatives of heparamine where the 
acyl radical is derived from carboXylic and sulfonic acids 
of the aliphatic, alicyclic, araliphatic, heterocyclic aro 
matic or carbocyclic aromatic series. The acyl radical 
is preferably selected from the group consisting of aryl 
alkanoyl, a-ryloyl and arylsulfonyl radicals having 7 to 
11 carbon atoms and lower alkanoyl radicals. We have 
found that for best results the acyl radical should contain 
a carbocyclic aromatic nucleus such as the benzene nu 
cleus or the naphthalene nucleus. The carbocyclic aro 
matic nucleus may be substituted with other radicals such 
as etheri?ed or esteri?ed hydroxyl groups, alkyl groups, 
halogen atoms or nitro groups. These acyl radicals are 
derived from such carboxylic acids as benzoic acid, 13 
naphthoic acid, 3,5-dimethyl-benzoic acid, 3,4,5-trimeth 
oxy-benzoic acid, p-acetoXy-benzoic acid, p-nitro-benzoic 
acid and 2,4-dinitro-benzoic acid. Additional carboxylic 
acids which have been or may be utilized in the acylating 
step are phenyl-acetic acid, 2-pheny1-butanoic acid, 2,4 
dichloro-phenoxy~acetic acid, carboxylic acids of furan, 
such as furan-Z-carboxylic acid, the lower fatty acids, such 
as acetic acid or isocaproic acid. In addition sulfonic 
acids, and particularly p-toluene-sulfonic acid can be 
utilized as the acyl derivative. 
Our invention also relates to the products obtained by 

the process de?ned above, as novel industrial products. 
Moreover, heparamine constitutes an excellent means for 
puri?cation of heparin since it can be readily transformed 
into pure heparin by reaction with chlorosulfonic acid. 

In accordance with a preferred embodiment of the 
invention, the transformation of heparin into heparamine 
is effected by preparing the acid heparin, reacting the acid 
heparin with a lower alkanol, followed by cleavage under 
alkaline conditions of the ester formed thereby. *This 
process, after cleavage with sodium hydroxide, gives mix 
tures which consist principally of heparamine. However, 
in view of the presence of other degradation products, the 
isolation of pure heparamine is practically impossible. 

Crystallizable heparamine can be isolated in the form of 
the potassium salt, therefore if the alkaline cleavage is 
effected with sodium hydroxide, it is possible, after a 
double decomposition reaction with a potassium salt, to 
isolate the heparamine in the form of a potassium salt. 
More advantageously, the alkaline cleavage is effected 

H with the aid of potassium hydroxide, whereby the crys 
tallized potassium salt of heparamine is obtained directly. 
The subsequent acylation is carried out by treating 

the heparamine with a classic acylating agent capable of 
acylating an amino group, such as with acid halides, par 
ticularly chlorides, or simple or mixed anhydrides. The 
acylation is effected in a weakly basic aqueous medium so 
as to prevent the esteri?cation of the alcohol groups. 

Schematically the reactions of the invention can be 
represented as follows: 

wherein R—NH~— represents the glucuronic acid-glucos 
amine chain of heparin and -Acyl represents an’ acyl 
radical. 
The heparin which serves as the starting material may 

be prepared from an alkaline heparinate by subjecting it 
to the action of an acid cation exchange resin, followed 
by concentration of the acid heparin at low temperatures. 
The reactions occur readily at room temperatures in 

the presence of solvents, especially water. 
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The following examples illustrate the invention with 
out limiting it. More particularly, the temperatures and 
the nature of the solvents, acids or bases used in the 
course of the reactions may be varied, the cleavage of 
the sulfamic group may be effected by means other than 5 
alcoholysis and reaction with alkal-ies, and acyl groups 
other than those which are mentioned above may be 
used without departing from the scope of the present in 
vention. 
The temperatures in the examples are expressed in de 

grees centigrade. 
EXAMPLE I 

Preparation of Heparamine 
(a) Acid heparin.——10 gm. of sodium heparinate 

(13.2% S, 11.6% Water of hydration, anticoagulant ac 
tivity ‘150 units/mgm., antilipemic activity 140 units/ 
mgm.) are introduced into 60 cc. of water. The result 
ing solution is stirred, cooled to ‘0° C., and 120 cubic 
centimeters of acid Dowex 50 (a polystyrene~base ca 
tion exchange resin) are added thereto. 
The resin is added very slowly so that the tempera 

ture does not rise above 0° C. The mixture is then 
stirred for 15 minutes and the resin is ?ltered off and 
washed with a few cc. of cold water. 
combined with the wash water and the solution is ad 
justed to contain 10% of the theoretical quantity of 
sodium (by again adding 4 volumes of Dowex if 
there is an excess of sodium, or by adding a few cc. of 
sodium hydroxide if there is a de?ciency of sodium). 
The solution is then concentrated in vacuo in an at 
mosphere of nitrogen to 12-15% of its original volume. 
"(12) Alcoholysis.——250 cc. of methanol are added and 

the water content of the methanolic solution is adjusted 
to 10%. The solution is re?uxed. Precipitation takes 
place as soon as the solution starts to boil. After heat 
ing at re?ux for 15 minutes the mixture is cooled to room 
temperature, washed with methanol and dried. 7 gm. of 
a ‘White powder consisting of N-desulfoheparin (hepar 
amine) in the form of the quaternary methosulfate salt 
are obtained. 

(6) Alkaline cleavage.—-The product is dissolved in 
35 cc. of water, the aqueous solution is cooled to ‘0° C., 
and about 5 cc. of 5 N sodium hydroxide are added 
dropwise to adjust the pH to a value of 12. After stir 
ring the solution for 15 minutes it is poured into 500 cc. 
of ice cold methanol. The heparamine precipitates out. 
The precipitate is ?ltered off, washed several times by 
stirring it with methanol, and dried above calcium 
chloride. The yield is 7 gm. (85% of theory) of 
heparamine (sodium salt) having an optical rotation 
[a]D2°=+67°i2 (c.=1% in water). 
Ultra-violet spectrum-z see the ?gure. 
pH of a 10% aqueous solution: 9.8. 
Water of hydration: 10%} 
Anticoagulant activity: <1 unit/mgm. 
Antilipemic activity: 5 to 7 units/mgm. 

This white solid is soluble in water, but insoluble in 
the usual organic solvent, such as alcohol, ether, etc. 

> Analysis.-—N—-2.7%; S—9.7%. 
Heparamine is not described in the literature. 

EXAMPLE II 
Transformation of Heparamine into Heparin 

A mixture of 0.45 cc. of chlorosulfonic acid and 4 cc. 
of anhydrous pyridine is heated to 70° C. and stirred, 
and 0.25 gm. of heparamine (sodium) are ‘added thereto. 
After 5 hours, 10 cc. of water are added and the heparin 
is separated by customary methods. 0.24 gm. of the 
sodium salt of heparin are thus obtained. 
~ The anticoagulant activity is restored. 
A determination of the molecular weight of this heparin 

proves that no depolymerization has taken place in the 
course of the preparation of heparamine. The value 
found is in the neighborhood of 25,000. 

The ?ltrate is _ 
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EXAMPLE III 
Preparation of Crystallized H eparamine 

(a) Acid heparin.—-20 gm. of sodium heparinate 
(13.2% S, ‘11.6% water of hydration) are dissolved in 
2-00 cc. of water and the resulting solution is passed 
through a column containing 80 cubic centimeters of acid 
Dowex 5‘0 (polystyrene base cation-exchange resin) in 
20 minutes of percolation. After rinsing the resin with 
50 cc. distilled water, the e?luent liquid and the wash 
water are combined. 

(b) Alcoholysis.-—10 cc. of 1 N sodium hydroxide and 
9 volumes of methanol are added successively to the 
above prepared acid heparin solution. The reaction mix 
ture is then stirred for 48 hours in at atmosphere of 
nitrogen at a temperature of 20° C. and 60 cc. of an 
aqueous solution containing 20% sodium acetate are 
added thereto. The partial methyl ester precipitates in 
the form of the sodium salt; it is separated by ?ltration 
or centrifuging and washed several times with methanol. 
After drying, the product in vacuo at 40° C., 15.5 gm. 
(about 95% of theory) of this methyl ester of hepar 
amine, 10% solvated and having an optical rotation 
[a]D2°=+64° (c.=1% in water) are obtained. The 
molecular weight of this product as determined by iodo 
metric measurement is 23,880. 

Analysis of the dry product.—NH2 (Van Slyke), 
2.68% (calculated as N) andS, 11.1 to 11.2%. 
The partial esteri?cation of the carboxyl groups is evi 

denced by a color reaction with ferric hydroxamate. 
(0) Alkaline cleavage.-—10 gm. of the heparamine salt 

obtained in accordance with (b) above are dissolved in 
100 cc. of water and 100 cc. of 2 N sodium hydroxide 
are added to the solution accompanied by moderate 
agitation. After allowing the mixture to stand for 115 
minutes in an atmosphere of nitrogen, 1000 cc. of meth 
anol are added to the reaction mixture; the heparamine 
precipitates. It is ?ltered off, washed several times with 
methanol and dried in vacuo at 40° C. 10 gm. of 
heparamine (sodium salt) are obtained. The yield of 
this phase is practically quantitative. Color reaction of 
the esters to ferric hydroxamate: negative. 

(d) Crysrallizati0n.—20 gm. of heparamine (sodium 
salt) obtained in accordance with (c) above are dis 
solved in 200* cc. water and the solution is heated to 50° 
C. on a water bath. 200 cc. of a 50% aqueous solution 
of potassium acetate and 20 cc. of methanol are suc 
cessively added to the solution accompanied by stirring. 
The mixture is cooled, the heparamine (potassium salt) 
begins to crystallize out at about 35° C. The mixture is 
allowed to stand overnight, whereupon it is ?ltered and 
the ?lter cake is washed with a 25% aqueous solution 
of potassium acetate and 20% methanol, then With pure 
methanol. Yield: 10.6 gm. (50% of theory) heparamine 
(potassium salt), having an optical rotation [a]D2°=+57° 
(c.=1% in water), and a molecular weight of 25,500 
(iodometry) . 

Analysis (C43H65O61N4S7K11)n. Calculated: C, 
24.75%; H, 2.8%; N, 2.3%; S, 9.6%; K, 18.5%. Found: 
C, 25.2%; H, 3.1%; N, 2.3%; S, 9.5%; K, 18.8%. 
Amino-nitrogen content=2.2% (potentiometry) and 2.1% 
(Van Slyke), theory 2.4%. 

Analysis of a product which has been recrystallized 4 
times under the same conditions furnishes the following 
results: C, 24.75%; H, 3.0%; N, 2.4%; S, 9.3%. The yield 
on recrystallization is 90%. 

(e) Acid heparamine.—By passing an aqueous solu— 
tion of potassium salt of heparamine through a column 
containing Dowex 50 resin, in acid form, free heparamine 
is obtained. 

EXAMPLE IV 
Preparation of N-Benzoyl Heparamine (N-Benzoyl~N 

Desulfoheparin) ' 

0.5 gm. of heparamine (sodium) obtained in accord! 
ance with Example I is dissolved in 10 cc. of a saturated 



3,065,140 
5 

sodium bicarbonate solution; 30 minutes later 1.1 cc. of 
benzoyl chloride are added and the reaction mixture is 
stirred for 3 hours at room temperature. It is then 
poured into 100 cc. ethanol, whereby an abundant white 
precipitate is formed. The liquid phase is acidi?ed to a 
pH of 2 with concentrated hydrochloric acid, and the 
precipitate is ?ltered off and washed with ethanol con 
taining 10% water until the chlorides disappear from the 
washing solution. After drying, 0.520 to 0.590 gm. (86.5 
to 98% of theory) of N-benzoyl heparamine, an amor 
phous white solid, are obtained. It is 10 to 15% solvated. 
soluble in water and insoluble in the customary organic 
solvents, such as alcohol, ether, acetone, etc. 
Test for —NH2: negative 
Ultraviolet spectrum: max.>=228 m/r, 

(which represents 16.8% benzoyl per grn., theory being 
17.0% ). Y 

Anticoagulant activity: 3 units/mgm. 
Antilipemic activity: 29 units/mgm. 
Nitrogen content: 2.4% 

This compound is not described in the literature. 

EXAMPLE V 

Preparation of N-3,5-Dinitrobenzoyl-Heparamine (N-3,5 
Dinitroibenzoyl-N-Desulfoheparin) 

0.5 gm. of heparamine (sodium) obtained in ‘accord 
ance with Example I is dissolved in 10 cc. of a saturated 
solution of sodium bicarbonate (pH=8.5) and 1.125 gm. 
of 3,5-dinitrobenzoyl chloride are added very slowly to 
this solution. The reaction mixture is stirred for 3 hours 
at room temperature, the sodium dinitrobenzoate which 
precipitates is ?ltered 011*‘, and the solution is concentrated 
to 1A4 of its original volume by heating it gently under 
vacuum in an atmosphere of nitrogen. By adding 50 cc. 
of ethanol the N-3,5-dinitrobenzoyl-heparamine is caused 
to precipitate out. The precipitate is ?ltered oil, washed 
with alcohol containing a few drops of hydrochloric acid 
and then with alcohol alone, and dried under vacuum 
overnight. The yield is 0.550 gm. (80 to 84% of theory) 
of a white amorphous solid having an optical rotation 
[a]D2°=+94° (c.=l% in water). It is soluble in water 
and insoluble in the customary organic solvents. 

-—NO2 content: 12.3%. (theory 13.0%) 
Test for —NH2: traces 
Ultraviolet spectrum: max.=237 mp, 

Anticoagulant activity: 1 to 4 units/mgm. 
Antilipemic activity: 100 to 150 units/mgm. 
Analysis.—N—-5.8%; S-——6.6%. This compound is not 

described in the literature. 

EXAMPLE VI 

Preparation of N-3,5-Dim‘ethyl-Benmyl-Heparamine (N 
3,5-Dimethyl~BenzoyZ-N-Desulfoheparin) 

tH: 

I 
CH3 

wherein R—NH—- represents the glucuronic acid-glucos 
amine chain of heparin. 

10 gm. of heparamine, obtained in accordance with Ex 
ample I, are introduced into 200 cc. of an 0.5% solu 
tion of sodium carbonate in an atmosphere of nitrogen, 
accompanied by stirring, and the mixture is heated to 80° 
C. for 2% hours. The volume is then reduced to about 
25 cc. under vacuum, whereby a thick pale yellow solu 
tion is obtained. 65 cc. of alcohol are added and the 
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6 
pH of the solution is adjusted to 3 by adding hydrochloric 
acid. Carbon dioxide is evolved. An additional 150 cc. 
of alcohol are added, the solution is scratched and ?ltered, 
and the ?lter cake is washed with 90% alcohol and dried 
under vacuum. The product thus obtained is dissolved in 
200 cc. of a saturated solution of sodium bicarbonate, 100 
cc. of benzene are added thereto and the mixture is heated 
to 50° C. Thereafter, while stirring, a solution of 30 to 34 
gm. of 3,5-dirnethyl-benzoyl chloride (prepared in accord 
ance with Snyder et al., I. Am. Chem. Soc., 63, 3280 
(1941)) in 85 cc. of benzene is slowly added in por 
tions of 12 cc. each. The interval between the intro 
duction of one portion and the next is 1 hour, and the 
addition of the entire solution of the acylating agent takes 
about 10 hours. The pH of the reaction mixture is main 
tained during that time at 8 to 8.5 by addition of sodium 
bicarbonate. The reaction mixture is allowed to stand at 
room temperature overnight and the benzene solvent is 
distilled off under vacuum. The mixture is ?ltered and 
the insolubles are washed with water. The combined 
aqueous phases are concentrated to a volume of 200 cc. 
100 cc. of alcohol are added thereto, whereby an abundant 
precipitate forms. The liquid phase is acidi?ed with hy 
drochloric acid to a pH of 2.5 and the precipitate ?occu 
lates 1400 cc. of alcohol are added thereto. The mix 
ture is ?ltered and the ?lter cake is washed with 90% 
alcohol and dried under vacuum. 8.68 gm. (66.5% of 
theory) of N-3,S-dimethyl-benzoyl-heparamine are ob 
tained. The product is 13.8% hydrated and has an op 
tical rotation [a]D2°=—l-70.5° (c.=l% in water). The 
pH of its aqueous solution is about 4.5. This novel com 
pound is an amorphous cream colored solid, very soluble 
in water, soluble in methylene chloride and propylene 
glycol but insoluble in alcohol, ether, acetone, benzene and 
chloroform. 
Analysis.—C, 37.2% to 37.4%; H, 4.2%; N, 2.0%; 

S, 8.4%. 
The ultraviolet spectrum, compared to that of 3,5-di 

methyl-benzoyl-cyclohexyl-amine, shows that the product 
thus obtained consists of 90% of the acylated com 
pound. 

Anticoagulant activity: 12.5 units/mgm. 
Antilipemic activity: 147 units/mgm. 
The product is not described in the literature. 
An important advantage of the compound is that it 

does not have nitro-substituents attached to the benzene 
ring of the acyl radical. 

EXAMPLE 
Preparation of N ~13-Naphthoyl-H eparamine 

( N ~,8-N aphthoy l-N -D esul foheparin) 

wherein R-NH—- represents the glucuronic acid-gluco 
samine chain of heparin. 

2.5 gm. of heparamine, obtained in accordance with 
Example -I, are dissolved at 25° C. in 70 cc. of a satu 
rated aqueous solution of sodium bicarbonate and 10 
cc. of ‘benzene, accompanied by stirring. 'In the course 
of about 5 hours 4.9 gm. of ?-naphthoyl chloride dis 
solved in 60 cc. of benzene are added and the resulting 
reaction mixture is stirred overnight at 25 ° C. After 
?ltration, the pH of the ?ltrate is adjusted to 3 to 3.5 
by addition of 12 N formic acid, and the ?-naphthoic 
acid formed during the course of the reaction is re 
moved by extraction with ether. By addition of 2 N 
of sodium hydroxide, the pH is readjusted to 8.3 and 
the mixture is then poured into 5 volumes of ethanol. 
The naphthoyl derivative precipitates. It is ?ltered o?, 
washed with ethanol and dried under vacuum at room 
temperature. The yield is 2.3 gm. (70% of theory) of 
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the sodium salt of N-B-naphthoyl-heparamine, which is 
a white solid hydrated with 10 to 16% water. The novel 
derivative has an optical rotation of [u]D2°=+1l4° 
(c.=0.2% in water) and is very soluble in water but 
insoluble in alcohol and ether. 

Its ultraviolet spectrum, compared to that of B-naph 
thoyl-cyclohexyl-amine, shows that the product consists 
of 78.5% of the acylated compound. 
Anticoagulant activity: 9.4 units/mgm. 
Antilipemic activity: 122 units/rngm. 

This product is not described in the literature. 
N-?-naphthoyl-heparamine exhibits a considerable 

antilipemic activity, and the ratio of its antilipemic activity 
with respect to its anticoagulant activity is superior to 
that of N-3,5-dimethyl-benZoyl-hepararnine. 

Other N-aeylated derivatives of heparamine were 
prepared by following the methods described in Ex 
amples IV to VII. The following table shows the physi 
cal constants as well as the yields of these products. 
The common characteristics of these compounds are 

amorphous state, white color, 10 to 15% hydration, solu 
bility in water and dilute aqueous acids and alkalis, and 
insolubility in the customary organic solvents. 

15 

20 

8 
It will be understood that the invention is not limited 

to the particular methods above described which are 
given only for purposes of illustration. More particu 
larly, the nature of the solvents or the reaction tem 
perature may be varied without departing from the scope 
of the invention. While certain speci?c embodiments of 
the invention have been illustrated, it is readily apparent 
to one skilled in the art that various changes and modi? 
cations may be made therein Without departing from the 
spirit of the invention or the scope of the following 
claims. 
We claim: 
1. A compound selected from the group consisting of 

N-desulfoheparin and N-acyl-N-desulfoheparin wherein 
the acyl radical is selected from the group consisting of 
arylalkanoyl, aryloyl and arylsulfonoyl radicals having 7 
to 11 carbon atoms and lower alkanoyl radicals and their 
non-toxic salts. 

2. A compound selected from the group consisting of 
N-acyl-N-desulfoheparin wherein the acyl radical is 
selected from the group consisting of arylalkanoyl, 
aryloyl and arylsulfonoyl radicals having 7 to 11 carbon 
atoms and lower alkanoyl radicals and their non-toxic 
acid salts. 

TABLE 

Antlco- Antill 
. agulant pemic 

Example Airude Ultraviolet Spectra Activity, Activity, 
Units/ Units/ 
mgm. mgrn. 

I _______ __ R—NH¢ (sodium) _____________________________________________________ __ 1 5-7 

1v _____ _. R—NH.OO—® max. 228 m,., E}'§’m.=162___._ 3 29 

N02 
1 

V ______ .. R—-NH.C 0Q max. 237 n1,., E}'?m_=239_____ 1-4 100-150 

I 
N02 

OH: 
I 

v1 _____ -_ R-NH.OO—® ............................ __ 12.5 147 

| 
CH3 

v11 .... -. R—NH.CO— ? ____________________________ __ 9. 4 122 

VIII. _ R—NH.C 0~®~N O, max. 271 mp, E}Z"m_=205_____ 11 103 

IX _____ __ R—NH—?—®—OCO-OH3 max. 242 Ill/.t, E}?m_=145_____ 15 130 
0 

OMe 

X ...... .. R~—NH—%— OMB max. 290 m“, E}Z’m_=77 .... .. 6.3 39.3 

0 
Me 

CHr-CHa 

XI ..... __ R—NH—€—J7H—® presence of phenyl radicals.-. 3 28 
o 

01 
1 

x11 .... -_ R—NH-<H1-o1n~—0-©~o1 max. 282.5 m”, E}‘7§m_=19.1_. 7.3 41 
o 

XI1I_-.__ R-NH~so,-©-om max. 230 111,1, n;”;m_=14a..._. 11.5 130 

R-—NH-repre_sents the glucuronic acld~glucosamlne chain of heparin. 
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. N-desulfoheparin in its free acid form. 
. N-desulfoheparin and its non-toxic salts. 
. The sodium salt of N-desulfoheparin. 
. The crystalline potassium salt of N-desulfoheparin. 
. N-benzoyl-N-desulfoheparin and its non-toxic salts. 
. ‘N-p-nitrobenzoyl-N-desulfohcparin and its non 

toxic salts. 
9. N-3,S-dinitrobenzoyl-N-desu1foheparin and its non 

toxic salts. 
l0. N-p-acetoxy-benzoyl~N~desulfoheparin and its non 

toxic salts. 
1 1. N-3,4,S-trimethoxybenzoyl-N-desulfoheparin 

its non-toxic salts. 
12. iN~2-phenyl-butanoyl-N-desulfoheparin and its non 

toxic salts. 
13. N-2,4-dich_lorophenoxy-acetyl - N - desulfoheparin 

and its non-toxic salts. 
14. N-3,S-dimethylbenzoylJN-desulfoheparin and its 

non-toxic salts. 
15. N-B-naphthoyl-N-desulfoheparin and its non-toxic 

salts. 
16. tN-p-toluenesulfonyl-N-desulfoheparin and its non 

toxic salts. 
.17. A process for the preparation of rN-acylated-N 

desulfoheparin compounds which comprises reacting acid 
heparin with a lower alkanol, cleaving the ester formed 
by treatment with an alkali metal hydroxide at room 
temperature, separating the N-desulfoheparin and acylat 
ing with an acylating agent under acylating conditions. 

and 

Ol 
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18. A process for the preparation of N-desulfoheparin 

which comprises reacting acid heparin with a lower 
alkanol, cleaving the ester formed by treatment with an 
alkali metal hydroxide at room temperature and separat 
ing N-desulfoheparin salt. 

19. A process for the preparation of ‘N-acylated-N 
desulfoheparin which comprises dissolving acid heparin 
in aqueous methanol, cleaving the ester formed by adding 
at room temperature sui?cient alkali metal. hydroxide to 
raise the pH of the solution to about 12, separating the 
alkali metal salt of N-desulfoheparin, reacting the N 
desulfoheparin salt with ‘an acyl chloride in an organic 
solvent and separating said N-acylated-N-desulfoheparin. 

20. The process of purifying heparin which comprises 
contacting heparin with an acid ion exchange resin, re 
acting the acid heparin produced with a lower alkanol, 
cleaving the ester formed by treatment with an alkali 
metal hydroxide at room temperature, separating N 
desulfoheparin, dissolving said N-desulfoheparin in an 
organic base, adding chlorosulfonic acid and separating 
puri?ed heparin. 
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